
The Tiangong-1 spacecraftis a space-lab moduleoperatedby China National

SpaceAdministration(CNSA). It waslaunchedin September2011andreentered

in April 2018. In March 2016, the spacecraftwas reportedmalfunctional,and

afterwardsit was treatedas spacedebris target. Changchunstation joined the

campaignto monitor its orbital descent,obtaining105 passesin total. Months

beforeits reentry,thecampaignwasraisedto highpriority.
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Changchunstation trackeddecommissionedTiangong-1 spacecraftsinceMarch 2016, until its reentry in April 2018.

Thestationacquired105passesduring this period,of which27 weredaylightpasses. The1 kHzrangingdataexhibited

multiplereflectionpatterns,correspondingto its multi-LRAdesign.
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Fig. 2 Data of NF and FF LRAs
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2018:Q1 31 4
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Table 1. Tiangong-1 laser ranging passes in Changchun

a)  Far Field (FF) LRA b) Near Field (NF) LRA

Thelaserreflectorarray(LRA) systemof Tiangong-1 spacecraftwasdesignedto

serverendezvousmissions. It consistsof one corner-cube reflector (CCR) as

near-field (NF) LRA, and a CCR arrayas far-field (FF) LRA. The designand

function was describedin detail by Li Pu et al. in The designof laser retro-

reflectors for the onboard lidar and its application in the dockingmissionof

ChineseTiangong-1 spacelab modulein 18th IWLR, Fujiyoshidain year2013.

Fig. 1 showstheappearanceof FF andNF LRAs.

Figure 1. Tiangong-1 LRAs Appearance. 
Photograph courtesy of Shanghai Astronomical Observatory, CAS.
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In therangedatatwo typeof phenomenaexistfor multiple reflectors.

Thefirst typearisesfrom rangedifferencebetweenNF andFF LRAs, shownin

Fig. 2, wherethe thicker line representsthe FF LRA, while the thinneronethe

NF LRA. The two lines intersectat specific epoch,when the two LRAs had

equalrangefrom therangingstation. In the left endof lines,theNF line appear

aboveFF line, implying fartherrangeof NF LRA. However,in normalcasesthe

NF line wasrarelyseenabovetheFF line, partly dueto spacecraftattitude,but

moreimportantlydueto SPADdepletionby thestrongFF signals.
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Fig. 3 Data Fine Structure of FF LRA

Thesecondtypeis broughtby fine structureof theFF LRA. TheFF LRA is

honeycomb-like, holdingoneCCRin eachcell. In certainincidenceangles,

it is possibleto divide the CCRs into severalclusters,eachhas similar

rangefrom the rangingstation. As is shown in Fig.3, the data formed a

stratifiedpattern,for morethan10 seconds. Onecandistinguishat most4

layers,but they soonblurred into a whole. CCR arraysalsowereusedin

GNSSLRAs, but no similar phenomenonwas seen,probablybecauseof

theweaksignalandthecontrolledattitude.

Discussion

Finestructureof therangedatacanprovideattitudeinformation. For those

malfunctional spacecraftscarrying multiple LRAs, laser ranging is an

effectivetechniqueto acquirespacecrafts’attitude. Althoughnot designed

to do so, the Tiangong-1 LRAs hadgiven valuableattitudemeasurements

during its final descendingperiod. In additionto geometricconfiguration,

laserranginglawsalsoaffectmeasurementresults.


